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A.  PURPOSE. 

1.  To  establish  the  maximum  tolerable  limits  of  temperature  and 
humidity  in  oabins  of  high  speed  fighter  aircraft  of  unconventional  type. 

2.  To  present  the  results  of  a  preliminary  investigation  of  heat 
toleranoe  at  high  environmental  temperatures  and  humidities . 

B.  FACTUAL  DATA. 

1.  The  development  of  very  high  speed  fighter  airoraft  poses  the 
problem  of  excessive  cockpit  temperatures,  particularly  in  fast  sweeps  at 
low  altitude.  The  heat  arises  from  three  sources,  namely?  solar  r&diati  i 
transmitted  through  the  plexiglas  bubble  oanopy;  friction  of  the  air  pase‘v  v. 
over  the  surfaoe  of  the  fuselagej  and  the  heat  of  ram  pressure.  For  ex*s;;/’ .' 
the  last  named  phenomenon  may  oause  a  temperature  rise  above  OAT  of  29°F  i 
a  speed  of  400  m.p.h.;  this  value  Increases  to  1+5 °F  at  500  m.p.h.  and  t; 

61+ °F  at  600  m.p.h.  If  to  this  is  added  another  10  to  15°F  effective  tea-.:  ; 
ature  due  to  solar  radiation,  cabin  temperatures  in  excess  of  150°F  may  V 
expected  even  when  ambient  temperatures  are  not  higher  than  90  to  100°F 0 

2.  8inoe  the  duration  of  exposure  to  these  high  temperatures  is 
expected  to  be  short,  15  to  30  minutes  at  a  maximum,  as  limited  by  the 
taotioal  use  of  the  airplane  and  the  fuel  supply,  steady  states  of  human 
heat  balance  are  not  required.  The  biophysioal  problem  is  to  determine 
points  on  a  duration-intensity  curve  which  are  tolerable  for  Air  Force 
personnel.  In  selecting  these  points,  it  must  be  assumed  that  pilots  are 
not  heat  acclimatised,  and  that  they  represent  a  range  of  constitutional 
and  fitness  types. 
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3.  Human  toleranoe  for  heat  is  determined  by  factors  whloh  oan  be 
classified  as  environmental  and  physiological t 

a.  The  basic  environmental  factors  are  four*  dry  bulb 
temperature,  mean  radiant  temperature,  vapor  pressure  of  the  atmosphere, 
and  air  movement.  With  the  speoial  oase  of  airoraft  cabins  in  mind,  the 
first  two  factors  may  be  represented  by  dry  bulb  temperature,  and  air 
movement  may  be  eliminated  as  a  variable  by  utilising  the  moderate  value 
of  3.5  m.p.h.  The  possible  error  involved  in  these  assumptions  is  small, 
and  this  simplification  of  the  problem  is  justified  by  the  observation 
that  air  movements  in  aircraft  cabins  are  generally  in  the  range  2  to  5 
m.p.h.,  the  average  of  which  was  used  in  these  experiments.  We  have, 
therefore,  two  main  variables,  dry  bulb  temperature  and  vapor  pressure. 
The  first  of  these  influences  heat  balanee  by  determining  the  rate  of 
transfer  of  heat  from  the  environment  to  the  body  by  radiation  and  con¬ 
vection.  The  second  factor  acts  to  limit  the  evaporative  heat  loss,  so 
that  at  high  vapor  pressures,  which  approach  the  vapor  pressure  of  sweat, 
the  amount  of  radiative  and  convective  heat  gain  which  can  be  balanoed 
by  evaporation  is  correspondingly  reduoed. 

b.  The  strain  upon  the  physiologioal  makeup  of  the  body  may 
be  measured  by  the  following  1 

(1)  The  primary  physiological  change  is  an  inorease 
in  body  heat  oontent  and  concomitant  temperature 
rise.  This  phenomenon  is  measured  by  internal 
(rectal)  temperature. 

(2)  The  secondary  physiologioal  changes  oocur  in  the 
hameostatio  mechanisms  of  temperature  regulation 
and  circulation.  The  acceleration  in  heart  rate, 
the  rate  of  sweat  loss  and  the  skin  temperature, 
serve  to  measure  the  degree  of  strain  on  the 
homeostatic  mechanisms . 

(3)  Finally,  appearance,  subjective  state,  functional 
efficiency,  and  presenoe  or  absenoe  of  symptoms  of 
heat  exhaustion  in  the  exposed  individual  must  be 
taken  into  account  in  evaluating  the  various  level* 
of  body  temperature  and  homeostatio  response. 

U.  Three  steps  have  been  taken  in  defining  tolerance  limits  In  bit* 
present  investigation! 

a.  Experiments  Were  conducted  to  establish  levels  of  physdo- 
logical  response  and  the  combinations  of  dry  bulb  temperature  end  vapor 

pressure  which  produce  equal  physiological  response »  In  thif  primary 
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four  previously  acclimatized  subjects  participated  in  16  one-hour  exposures 
in  the  All-reather  Room.  The  selected  environments  ranged  from  90  to  l60°F 
and  from  5  to  90  per  cent  relative  humidity.  The  subjects  acre  clothed  in 
gO-20  ootton-wool  underwear  and  light  byrdcloth  flying  coveralls.  They 
eat  at  rest  during  exposure.  Sweat  loss,  heart  rate  and  skin  and  rectal 
temperatures  were  taken  before  and  three  times  during  the  exposure.  A  full 
description  of  thes9  experiments  is  given  in  Appendix  I  and  the  data  are 
presented  in  Tables  1-3. 

b.  The  data  from  the  first  series  were  treated  to  yield  an  equation 
from  which  the  level  of  physiological  response  could  be  predicted  from  the 
environmental  variables  (Table  U).  The  levels  (L)  are  given  by  the  formula* 

L  •  .0U7  (dry  bulb,  °F)  +  .057  (vapor  pressure,  mm.  Hg)  -  7.31 
«  .085  (dry  bulb,  °F)  +  .057  (vapor  pressure,  mm.  Hg)  -  5*32 

From  these  equations,  levels  of  equal  physiological  response  were  drawn  on  a 
temperature-humidity-vapor  pressure  chart  (Figure  1).  It  should  be  expressly 
understood  that  these  equations  serve  primarily  to  express  the  regression  of 
vapor  pressure  on  dry  bulb  temperature  at  constant  level  of  physiological 
response.  Their  validity  rests  upon  the  results  of  the  verification  tests 
described  next. 


o.  Tests  were  then  run  to  establish  the  tolerability  of  the 
environments  produoing  specified  levels  of  physiological  response  for 
selected  durations  of  exposure,  and  to  eonfirm  the  equivalence  of  the 
predicted  temperature-humidity  combinations.  After  consideration  of  the 
data  and  general  experience  with  the  first  series  of  tests,  and  after 
conducting  a  few  exploratory  experiments,  lines  I4.  and  5  (Figure  1)  were 
tentatively  chosen  as  60-  and  30-®i»ute  tolaranoe  limits.  Fourteen  subjects 
were  then  tested  at  seleoted  points  on  line  1*,  and  nine  subjects  similarly 
on  line  5»  These  tests  were  oonduoted  exactly  as  desoribed  for  the  first 
series,  except  that  the  length  of  exposure  on  the  line  6  was  limited  to 
35  minutes.  A  description  of  these  tests  is  given  in  Appendix  II  and 
Tablas  5  and  6. 

5.  On  the  basis  of  the  results  from  the  verification  experiments, 
which  confirmed  the  general  validity  of  the  prediction  equations  in  neg@T‘l 
to  both  the  reciprocal  relationship  of  temperature  and  vapor  pressure,  and 
the  selection  of  tolerance  levels,  a  three-fold  classification  of  tolerance 
lines  was  deoided  upon.  The  environments  were  classified  as  tolerable, 
marginal,  or  intolerable  for  specified  durations  of  exposure  for  individual  $ 
having  the  constitutional  and  fitness  qualifications  of  Air  Force  pilots.  A 
discussion  of  the  basis  for  this  classification  is  found  in  Appendix  III. 
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6,  Since  in  all  hot  olimateB,  whether  dry  or  humid,  the  atmospheric 
vapor  pressure  probably  does  not  exceed  30  mm,  flg,  it  is  possible  to  define 
toleranoe  limits  solely  in  terms  of  temperature  for  the  special  case  of 
temperature  rise  with  oonstant  absolute  humidity  in  aircraft  oabins.  This 
directs  attention  to  the  unique  problem  of  the  cockpit  atmosphere  wherein 
the  humidity  effect  is  relatively  restricted,  and  permits  a  practical 
simplification  of  the  tolerance  classification,  (Appendix  III,) 


C.  CONCLUSIONS , 

1.  The  requirements  for  aircraft  oabins  relative  to  ventilation  and 
cooling  have  been  reduced  to  two  variables t  dry  bulb  temperature  and  rela¬ 
tive  humidity.  These  requirements  for  unconventional  type  aircraft  are 
given  in  the  following  tablet 


Limiting  Environments 


_ Physiological  Level 

_  .....llafl.-k!1-. 


Line  5* 
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_L£_ 
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°r 
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67 

30 

122 

50 

127 

53 

133 

56 

Humidity 
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50 

112 

hh 

117 

hi 

122 

50 

70 

106 

U 

110 

hi 

111+ 

h6 

90 

101 

38 
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ho 

10g 

h 2 

Physiological  Zone s t 


30  minute  exposure  Tolerable  Tolerable  Marginal 

60  minute  exposure  Tolerable  Marginal  Intolerable 


2.  On  the  basis  of  climatio  data  now  available,  which  show  that 
atmospheric  vapor  pressure  may  not  be  expeoted  to  exceed  30  mm,  Hg,  humid K 
may  be  eliminated  as  a  variable,  and  the  requirements  for  ventilation  and 
cooling  of  unconventional  type  aircraft  stated  solely  in  terms  of  dry  bulb 
temperature,  as  follows t 


Physiological  Temperature  Physiological  Classification 


Level 

°F 

°C 

30  Min.  Exposure 

60  Min,  Exposure 

Line  3* 

120 

U9 

Tolerable 

Tolerable 

Line  U* 

130 

5h 

Tolerable 

Marginal 

Line  5* 

liil 

61 

Marginal 

Intolerable 

*  See  Figure  1, 
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B.  HgCCTflglDATIOHS . 

1.  It  Is  reoeennended  that  AAF  Specification  Vo.  R-I4O659  ba  amended 
to  raqul re,  on  unconventional  typo  aircraft,  limits  of  oabin  tempo ratura 
in  aooordanoa  with  tha  oonelusians  of  this  report. 

2.  It  is  reecaaended  that  thssa  stadias  ba  continued  (a)  to  add  to 
tha  ntatbar  of  Air  Foroa  porsonnal  tastad,  (b)  to  include  -variations  in  air 
movamsnt,  and  (o)  to  assoss  tha  additional  offset  of  solar  radiation. 
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APPENDIX  1 

main  series  of  tests. 


A,  SUBJECTS* 

Four  subject*,  whoa*  eharaeteri*tie>«  are  given  In  Table  X,  carried 
out  the  1+6  on* -hour  tout*  in  the  min  series*  Th*y  are  normlly  healthy 
and  active  young  un  with  no  d* foots  which  would  mk*  than  unfit  for 
military  eervioe ,  Several  body  typos  ar*  represented*  but  extreaws  are 
looking*  No  dietary  or  other  hygienic  eontrol  waa  exeroised,  but  no  aub- 
jset  waa  taatad  during  any  condition  which  deviated  algnifloantly  from 
his  health  norm. 

Sine*  it  ia  wall  known  that  acclimatisation  to  heat  pro***da  rapidly 
during  initial  exposure*  and  physiological  responses  to  hear  are  markedly 
changed  during  this  period*  the  four  subjects  underwent  a  preliminary 
acclimatisation  regime  of  four  days*  During  this  time,  four  hours  oaoh 
day  wore  spent  in  the  All-Weather  Room  at  120° F  and  20  per  oent  relative 
humidity*  Bslf  of  this  time  was  devoted  to  treadmill  walking*  and  half 
to  resting,  but  no  physiological  measurements  were  mad*. 

B.  ENVIRONMENTAL  CONTROL. 

The  All-Weather  Room  at  the  Zero  Medical  Laboratory  was  the  seen* 
of  all  tests.  The  room  temperatures  are  obtained  by  recirculating  the 
air  over  eleetric  heating  ocils,  and  humidification  is  accomplished  by 
spraying  hot  water  under  pressure  through  a  toad,  sing  jets  into  the  room* 

Both  temperature  and  humidity  conditions  are  radar  automatic  eontrol* 
but  more  precise  adjustment  may  be  mad*  manually*  The  environmental  cond¬ 
itions  were  set  up  during  the  hour  preceding  the  tests*  and  only  minor 
readjustments  were  required  during  the  teat  period*  The  polished  stainless 
steel  walls  quiekly  approaeh  air  temperature*  and  the  air-wall  temperature 
differential  seldom  exceeds  ±3° F.  thus  assuring  that  the  radiant  and  air 
temperature  environments  are  substantially  equal* 

Dry  and  wet  bulb  temperatures  were  determined  previous  to  end  three 
times  during  the  tests  with  a  Frias  fan- vent  Hated  hygrometer*  The  tem¬ 
perature  and  humidity  data  of  Tables  II*  T.  and  VI  ar*  the  averages  trm. 
the  three  observations  made  during  the  course  of  the  tost*  Relative 
htaddity  and  vapor  pressure  were  obtained  by  entering  standard  tables  with 
the  dry  and  wet  bulb  temperature  data*. 

Turbulent  air  motion  In  the  All-Weather  Room  under  the  conditions  of 
the a*  experiments  is  equivalent  to  3*5  mil#*  per  hour* 
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Appendix  I 

lain  3erl«a  of  feats, 

0,  PHYSIOLOGICAL  MEASUREMENTS, 

Heart  rates  were  obtained  by  JO-seeond  pulse  counts*  Weight  lass 
obtained  by  difference  free  the  nude  weight  of  the  subject*  measured  before 
and  after  the  hot-roam  exposure  on  a  Fairbanks  platform  seales,  eensitiKi 
to  one  ounee.  All  articles  of  clothing  (thermocouple  underwear*  light 
byrdcloth  flying  coverall,  and  sox)  were  weighed  to  a  gram  on  a  Toledo 
scales  before  and  after  the  test.  Skin  temperatures  were  obtained  from 
thermocouples  placed  on  the  surfaoe  of  forearm,  chest,  lower  back,  jump, 
and  lower  leg.  Mean  skin  temperature  is  the  simple  average  of  readings 
from  these  points.  Rectal  temperature  was  obtained  from  readings  of  a. 
thermocouple  inserted  to  a  depth  of  five  inehes, 

D.  EXPERIMENTAL  ROUTINE. 

The  subjects  stripped,  were  weighed,  and  then  donned  previously 
weighed  clothing.  They  sat  at  rest  for  15  to  30  minutes  under  normal 
room  conditions  (dry  bulb,  75“SQ°F,  relative  humidity,  25-it-O  per  (sent) 
during  the  latter  part  of  which  pulse,  and  skin  and  reotal t emperature 
data  were  taken. 

After  entering  the  All-Weather  Room,  the  subjects  took  sitting 
positions,  and  physiological  measurements  were  made  at  20,  1*0,  and  60 
minutes  of  exposure.  The  tests  were  terminated  at  60  minutes,  or  wheaa 
conditions  became  intolerable,  and  the  subjects  were  forced  to  leave  ths> 
hot  roam.  The  symptoms  whieh  terminated  experiments  before  the  scheduled 
time  are  discussed  in  Appendix  III 

Sixteen  exposures  were  accomplished  at  dry  bulb  temperatures  ranging 
from  92  to  15$° F,  and  relative  humidities  from  7  to  per  cent,  la  six 
tests  all  I4.  subjects  were  tested,'  in  the  remaining,  two  or  three  were 
used.  The  environmental  conditions  of  the  tests  are  detailed  In  Table  1 

E  *  RESULTS. 

Since  in  the  eight  most  extreme  exposures  one  or  more  of  the  aufcjea 
were  unable  to  complete  the  60  minute®,  the  values  at  I4O  admit*. »  mm 
chosen  to  characterise  the  physiological  response  to  the  particular  ; 
ment.  In  this  way  all  the  data  could  be  used.  The  average  data  for  tk? 
four  measures,  heart  rate,  skin  and  reotal  temperatures,  and  -water  loss 
data,  in  the  cases  of  the  early  terminated  tests,  were  calculate-',  to  & 
60-minute  basis,  but  were  not  included  in  the  Index  because  of  the  ioubi  i'.i 
validity  of  the  reealoulated  water  losses.  Accordingly,  th®  kQ-riiiUt# 
average  values  for  heart  rat®,  and  skis  and  reotal  temperature 
were  used  in  the  computation  of  a  level  of  physiological  response  (}.-), 
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Main  Series  of  Tests. 


The  three  physiologioal  variables  were  given  an  equal  weighting,  by 
expressing  eaeh  as  a  deviation  from  its  mean,  and  averaging  these  deviations 
to  obtain  L.  Two  environmental  values  were  used  in  the  analysis,  dry  bulb 
temperature  and  vapor  pressure  of  the  air.  Zero  order  correlations  were 
then  computed,  yielding  positive  ooeffioients  between  L  and  dry  bulb,  and 
L  and  vapor  pressure,  and  a  negative  correlation  between  dry  bulb  and  vapor 
pressure.  The  latter  relation  is  due  to  the  feet  that  high  dry  bulbs  and 
high  vapor  pressures  in  combination  are  intolerable  and  no  data  oould  be 
secured  under  these  conditions.  The  high  partial  and  multiple  correlations 
indicate  that  dry  bulb  and  mpor  pressure  are  linearly  related  to  L  and 
constitute  the  essential  environmental  variables*.  A  regression  equation 
was  then  formulated  from  which  L  may  be  predicted  from  vapor  pressure  and 
dry  bulb  temperature. 

From  this  equation  lines  were  plotted  on  a  dry  bulb-vapor  pressure 
chart  at  five  values  of  L,  namely,  at  -1.0,  -0.5,  0.0,  0.5,  and  1.0  in 
standard  deviation  units,  respectively  labeled  lines  1-5  (Figure  1). 

Curves  of  relative  humidity  are  shown  for  reference.  The  original  L  date 
(average  for  2-U  subjects  at  eaoh  exposure)  were  then  plotted  on  Figure  1 
to  indioate  the  relationship.  The  general  trend  is  apparent,  namelyi  as 
dry  bulb  increases,  the  tolerable  vapor  pressure  decreases.  The  corres¬ 
pondence  between  L  values  and  the  discrete ' dqta  is  only  general,  but  the 
only  point  markedly  out  of  line  is  an  L  of  -0.55  whioh  should  be  close 
to  the  2  line  instead  of  above  and  to  the  right  of  the  3  line.  No  reason 
can  be  given  for  this  disorepanoy. 

The  values  at  five  levels  of  physiologioal  response  based  on  1*0  min¬ 
utes  of  exposure  are  displayed  in  the  following  tabulation  1 


Heart  Rate  l&.O  125.0  116.0  107.0  98.0 
Skin  Temperature  101  .U  IOO.I4.  99.5  98.6  97*6 
Rectal  Temperature  100.1*  100.0  99*5  99.0  98.6 


•  It  is  realised  that  the  above  treatment  of  the  data  violates  oertain 
statistical  rules,  e.g»,  intra-individual  and  inter-individual  data  are 
treated  together,  and  the  correlations  are  based  on  a  small  number  of 
variates.  Consequently,  statistical  inferences  concerning  reliability 
and  generalisation  cannot  be  justified,  and  the  results  must  be  judged 
in  the  light  of  the  data  obtained,  and  the  outeom©  of  check  tests 
desoribed  in  Appendix  II. 


Div.  Memo,  H»port 
N«<"  TSEAL-3-695-14.9A 
28  February  19^5* 


Appendix  I 

^Mn.  Series  of  Tests, 


Figure  2  shows  the  data  analysed  in  another  way.  The  16  tests  were 
serialised  aeoording  to  L  and  segregated  into  U  groups  of  four  tests  each. 
Average  physiological  responses  for  each  group  are  plotted  showing  both 
the  trend  during  the  exposure  end  the  difference  in  magnitude  of  response. 
Groups  III  and  17  display  an  equilibrium  in  3kin  temperature  after  the 
initial  rise*  only  slight  rises  in  reotal,  and  moderate  elevations  of 
heart  rate.  The  average  responses  of  groups  I  and  II,  on  the  other  hand, 
rise  to  greater  heights  in  all  variables.  The  differences  between  them 
refleet  the  small  divergence  in  their  mean  L  indices. 

"Weight  losses  for  the  groups  in  grems  per  square  meter  of  body  surface 
generally  correspond  in  relative  magnitude  to  the  values  for  the  other 
physiological  variables.  This  indicates  that  distrust  of  the  weight  lose 
data  because  of  incomplete  experiments  was  probably  unfounded,  but  it  also 
shows  that  weight  lose  correlates  well  with  heart  rate  and  the  body  tempera¬ 
tures.  Omission  of  weight  loss  from  L,  therefore,  can  have  made  little 
differenoe  in  its  eharaoteristioa. 
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CHECK  TESTS. 


The  primary  purpose  of  the  ifisiin  Series  -mis  to  establish  the  relation* 
ship  between  physiological  responses  and  the  environmental  influences.  The 
shape  of  this  relationship  is  defined  by  the  formula* 

L  ■  -7«31  +  .01+7  (dry  bulb)  +  .057  (vapor  pressure) 

* 

With  this  formula  one  may  determine  the  various  combinations  of  the  environ* 
mental  conditions  which  will  produce  a  given  L  or  any  of  its  physiological 
correlates.  .  The  slope  of  relationship  being  defined,  the  selection  of  a 
physiological  response  level  is  dictated  by  consideration  of  the  speoific 
problem  at  hand.  In  the  present  instance  the  purpose  is  to  define  tolerance 
limits  for  short  exposures.  Over  such  short  periods  heat  balance  need  not 
be  attained  as  shown  by  curves  in  Figure  2,  and  the  oritieal  issue  is  how 
long  exposure  may  be  continued  before  oritioal  hyperthermia  develops.  It 
was  decided  to  define  two  tolerance  limits.  60  and  30  minutes  in  duration, 
and  these  for  men  totally  unaoolimatised  to  heat. 

A.  SIXTY-MINUTE  TOLERANCE  LIMIT 

After  some  inspection  of  the  Main  8eries  data,  the  1*  line  was 
tentatively  oho sen  as  the  60-minute  tolerance  limit  for  unaoolimatised 
men.  Fourteen  subjects  were  selected  as  available  from  the  laboratory 
roster.  All  but  one  were  novices  in  hot  room  studies.  The  environmental 
conditions  at  the  seleoted  points  along  the  i*.  line  which  were  ohosen  for 
test  and  the  physiological  responses  are  given  in  Table  V,  and  plotted  in 
Figure 


Two  criteria  should  be  applied  in  the  evaluation  of  these  data. 
The  first  pertains  to  the  setting  of  the  physiological  level.  That  the 
ohoioe  of  the  I4.  line  as  the  60-minute  limit  was  substantially  correct  is 
shown  by  the  facts*  (1)  all  subjects  but  one  were  able  to  oomplete  the 
period  without  symptoms  of  heat  exhaustion,  oollapse.  or  any  of  the  exfcrsw# 
sensations  which  foroed  subjects  to  leave  intolerable  environments  in  the 
Main  8eries*j  and  (2)  the  terminal  heart  rates  and  skin  and  rectal  temper¬ 
atures  in  this  series  (see  Figure  6)  agree  reasonably  well  with  the  mean 
values  for  line  U»  shown  in  the  tabulation  in  Appendix  I. 


*  See  Appendix  III. 


10 
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Check  Testa* 

The  seoond  criterion  is  the  cons tan oy  of  physiological  response 
feJLeng  the  selected  line.  To  test  this*  the  data  have  be«n  plotted  serially 
by  experiment  number  which  is  also  th©  order  of  progression  from  hot-dry 
to  hot-humid  conditions.  Since  there  is  considerable  scattering  of  the 
data  about  the  average  lines  in  all  the  physiological  measures,  an  equated 
mean  deviation  soore  (th®  average  of  physiological  values  expressed  as 
deviations  from  their  means)  was  computed  for  eaoh  experiment.  Ideally,  • 
these  equated  mean  values  should  fall  on  a  line  through  their  mean.  It 
can  be  seen  from  Figure  I4.  that  they  fail  to  do  so  particularly  in  the  oases 
of  numbers  6  through  9  which  show  lower  values.  The  predioted  L’s  for  the 
environmental  conditions  of  the  tests,  as  ealeulated  from  actual  dry  bulbs 
and  vapor  pressures  obtained*,  are  shown  in  the  -figure,  but  the  lack  of 
correlation  with  equated  means  offers  no  explanation  for  the  latter.  The 
discrepancies  in  the  equated  means  must  therefore  be  attributed  to  individual 
variability.  Any  possible  error,  and  the  evidence  is  that  it  cannot  be  large, 
is  on  the  conservative  side. 

As  a  further  check  on  the  validity  of  the  line,  negative  storage 
values  were  computed  for  eaoh  ease,  acoording  to  the  formula* 

S  -  *  W  x  (  .67  dTr  ♦  .33  &8) 

SA 

where,  8  «  stored  heat  accumulation  (Keal.  per  sq,  meter) 

•  speoifio  heat  (Keal.  per  Kg.  per  degree  C) 

W  »  body  weight  in  Kg. 

dTr  “  difference  between  pre-exposure  and  terminal 
rectal  temperatures  (  °C) 

dTg  ■  difference  between  pre-exposure  and  terminal 
skin  temperatures  ( 0  C) 

SA  ”  surfaoe  area  (sq.  meters) 

These  values,  plotted  in  Figure  7>  scatter  about  a  mean  of  71,  snd  with 
the  exception  of  ease  1,  there  is  no  disoemible  correlation  with  dry  bulb 
temperature.  This  means  that  the  selected  temperature-humidity  conditions 
have  an  approximately  equal  effect  upon  heat  balance . 

B.  THIRTY-MINUTE  TOLERANCE  LINE. 

A  similar  line  of  proof  was  used  to  validate  a  30-minute  tolerance 
limit.  Two  facts  led  to  the  selection  of  the  5  line  as  a  50-minute  toler¬ 
ance  limit.  (1)  The  average  L  of  the  eight  tests  in  the  Main  Series  which 
were  terminated  short  of  60  minutes  of  exposure  was  +  1.0,  stand,  deviation 
(line  5),  and  (2)  no  subject  quitted  the  room  in  less  time  than  3^  minutes. 


*  Absolute  precision  in  temperature  and  humidity  ecrtrol  could  not  bo 
attained  in  the  hot  room,  consequently,  the  average  of  three  wst  and 

dry  bulb  temperatures  represent  U©  exposure  environment. 
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Thia  lina  la  therefore  marginal  for  tha  acclimatised  subjeots  for  exposure 
times  of  I4.O  minutes  or  longer.  A  ehaok  aariaa  of  taata  was  oonduotad  on 
9  aubjaota  at  selected  point  a  along  tha  5  lina.  Tha  data  ara  given  in 
Table  VI  and  tha  phyaiologioal  values  ara  plotted  in  Figure  5*  Again 
thaaa  data  nay  be  evaluated  in  aooordanoe  -with  taro  criteria »  (1)  the 

levela  of  phyaiologioal  reaponaa  dafinad  for  1.0  Index  (aee  tabulation 
in  Appendix  l)  vara  approximated  by  be  rads,  al  values  in  the  JO-sdnuta 
cheek  aeries  (see  Figure  7)*  Thus  heart  rate  in  tha  latter  ease  ia  but 
6  beats  lower,  akin  temperature  about  tha  sane,  and  reotal  temperature  0.3° 
F  lower.  {2)  The  equated  mean  responses  similarly  test  the  validity  of  tha 
slope  value  of  the  L  formula  (Figure  6).  Again,  considerable  scattering 
of  values  about  the  means  ia  found.  The  most  notable  deviations  are  tbe 
pronounced  weight  looses  of  subjects  3  and  €>,  who  are  heavy  men  weighing 
220  and  202  pounds  respectively,  Even  when  weight  losses  were  oaloulated 
to  unit  surfaoe  area  these  men  sweated  much  more  than  the  more  aye rage 
alsed  man.  Consequently,  the  sweat  looses  markedly  elevated  the  equated 
means  of  these  two  subjects .  Disregarding  these  oases  then,  the  remaining 
equated  means  scatter  about  their  average  line  without  displaying  a  olsar- 
out  departure  from  sero  slope. 

Storage  values  were  also  computed  for  the  nine  subjeote  in  the  30- 
minute  series.  These  are  plotted  in  Figure  7*  The  storage  values  s oat ter 
about  an  average  of  JO  k-cal.  per  square  meter  without  significant  correla¬ 
tion  with  dry  bulb  temperature,  attesting  to  the  equivalent  effect  of  these 
environments  upon  heat  balance. 
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DISCUSSION 


A.  CRITERIA  OF  HEAT  TOLERANCE 

From  a  purely  physical  standpoint  the  human  body  may  be  viewed 
as  a  moist,  black,  and  internally-heated  object  which  carries  out  thermal 
interchanges  with  its  environment  in  accordance  with  the  heat  balance 
equation] 

M±S±R±C-B 

where,  H  **  heat  production 

8  *  change  in  heat  content  of  the  body 
R  «  radiant  heat  transfer 
C  *  convective  heat  transfer 
I  »  evaporative  heat  transfer. 

tf  is  always  a  source  of  heat  and  E  a  loss  of  heat,  but  the  sigas 
of  8,  R,  and  C  are  so  chosen  that  in  an  environment  colder  than  the  body, 

M  +  S-  E  +  R+C,  and  in  an  environment  hotter  than  the  body,  E  +  S  » 

M  ♦  R  ♦  C.  The  latter  is  pertinent  to  the  present  situation,  exoept  for  the 
added  factor  of  the  insulation  of  olothing  which  tends  to  reduce  radiative 
and  convective  gain  and  to  alter  the  characteristics  of  evaporative  cooling « 
No  attempt  has  been  made  to  strike  a  thermodynamic  balance  in  the  present 
data  because  certain  elements,  suoh  as  effect  of  wetness  on  the  elo  of 
clothing  and  on  the  efficiency  of  evaporation,  have  not  been  determined* 

However,  the  heat  balance  is  not  a  measure  of  tolerance,  and  the 
physiology  of  the  human  body  is  too  complex  to  permit  of  a  formulation 
in  physioal  terms  alons.  Of  the  physical  factors,  only  S,  the  change  in 
stored  heat,  is  an  index  of  the  strain  on  physiological  mechanisms .  With 
rise  in  stored  heat  — *  this  is  positive  in  the  sense  of  accumulation  in 
the  body,  but  negative  in  the  themodynamio  equation  —  body  tempera turs 
rises,  stimulating  sweat  production,  and  rises  in  metabolic  rate  and  heart 
rate.  Up  to  a  oertain  point  this  condition  of  hyperthermia  is  adaptive, 
sinoe  augmented  sweat  production  increases  evaporative  heat  loss,  and 
acceleration  of  heart  rate  increases  peripheral  circulation  so  that  th© 
blood  may  more  readily  give  up  its  heat  at  the  skin.  These  responses  saay 
therefore  be  used  as  physiological  indices  of  the  effect  of  heat  upon  the 
body,  providing  a  scale  of  heat  load  with  vfciah  may  be  correlated,  on  the 
one  head,  the  environmental  variables*  and  cm  the  other  hand,  the  various 
unmeasured  physiological  and  psychological  reactions  by  which  w@  judge  tbs 
exposure  as  tolerable  or  intolerable « 


->'*  m 
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Four  variables  have  become  standard  in  the  assessment  of*  the  phyai©' 
logical  effect  of  hot  environments i  (l)  heart  rate,  (2)  average  skin  temper¬ 
ature,  (5)  reotal  temperature,  and  ( U )  sweat  loss.  Applications  including 
two  or  more  of  these  variables  appear  in  papers  by  Adolph  and  Dill  (193$), 
Robinson  et  al.  (19^3),  Taylor  at  al,  (I9ij3*)  and  (19^3^)*  and  Robinson 
(19144).  The  latter  author  has  integrated  these  into  the  following  Index 
of  Physiological  Effeot  (Ep)« 


E 


P 


100  (H3  -  100  (S3  -  SX)  100  (R3  -  hi)  100  (Wz  -  Wx) 

Hg  ”  Sg  “  Sj  Rg  *•  Rj  Wg  — 


where  the  symbols  H,  S,  R,  and  W  mean  heart  rate,  skin  temperature,  rectal 
temperature,  and  sweat  loss,  respectively,  and  the  subscripts  1,  2,  and  3 
refer  to  responses  at  the  minimal,  maximal,  and  intermediate  environments. 
This  provides  a  soheme  for  rating  all  environments  in  terms  of  their  observed 
physiological  effeot  as  a  per  oent  of  the  effect  at  the  most  extreme  environ¬ 
ment  the  subject  can  tolerate.  Robinson  has  presented  tolerance  contours  in 
terns  of  Physiological  Effect  plotted  on  a  psyohrometrio  chart. 

Tolerance  contours  as  shown  in  Robinson's  data  and  in  the  result, j 
of  the  present  investigation  are  affected  by  humidity  as  well  as  temperature 
since  humidity  lowers  the  tolerable  temperature  by  limiting  the  rate  of 
evaporation,  Gagge  (1937)  ha®  shown  that  for  the  nude  human  body,  evapora¬ 
tion  can  be  expressed  by  the  formula* 


E  -  w/a  (  c  Tg  -  rh  x  cTa) 

where,  E  «*  evaporative  less  (K.eal./  sq„  meter/ 
w  -  per  cent  wette dries*  of  body  surface 

/a  «  an  evaporation  constant,  the  value  of  which 
is  unknown. 

In  exposures  short  of  evaporative  limits  w/«-  and  the  vapor  prtt 
sure  gradient  vary  reciprocally,  as  determined  by  vapor  pressure  ©f  the 
atmosphere.  E,  however,  is  limited  by  the  w  •  100  per  cent  ,  regardless 
of  the  vapor  pressure,  and  s  for  speoifio  conditions  of  air  aeti m  , 
direction,  etc.  has  been  determined  by  Gagge  (1937)  at  approximately  JO 
K.eal,  per  square  meter  per  hour  per  ea®  Hg  of  vapor  pressure  gyedieat. 
Winslow  et  al.  (193$)  ha  ve  defined  the  limits  ef  ass.pori.tiv®  regulati an 
on  the  basis  of  this  value  for  a  range  of  vapor  j^-saui 
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The  w/*-  ooncept  ha*  not  been  completely  worked  out  for  clothed 
subjects  where  insulation  retard*  heat  gain  by  radiation  and  convection  and 
af facts  the  evaporative  function.  Henoe,  eapirioal  method*  such  a*  Robinson's 
based  on  physiological  oriteria  have  most  commonly  been  used,.  In  Figure  1. 
two  of  Robinson’*  tolerance  oontours,  the  100  Index  line  and  175  Index  line, 
have  been  plotted,  together  -with  the  values  of  L  determined  in  the  present 
study.  The  slopes  of  the  100  Index  and  Lin*  1  agree  very  veil,  but  the  175 
Index  line  tends  more  toward  the  vertical  than  the  AML  lines.  This  lack  of 
agreement  oannot  be  explained  with  the  data  at  hand,  since  Robinson's  expert** 
neats  did  not  extend  beyond  120°  F,  and  his  method  of  computing  tolerance 
oontours  is  not  adequately  explained. 

At  extreme  temperatures  and/or  humidities,  symptoms  occur  whioh 
indicate  that  the  temperature  regulating  system  has  failed  to  prevent  critical 
rise  in  body  temperature  beyond  the  point  of  ocanpen satian .  These  terminal 
events  in  physiological  breakdown  are  oolleotively  known  as  heat  stroke,  of 
which  three  types  are  known,  as  followei  (1)  surfstroke,  (2)  heat  exhaustion, 
and  (3)  beat  oramps.  The  first  and  third  of  these  types  are  not  pertinent 
to  this  investigation,  respectively,  because  of  lack  of  solar  radiation,  and 
because  the  duration  of  the  tests  was  too  short  for  critioal  salt  depletion 
to  occur.  The  seoond  type,  heat  exhaustion,  has  been  observed  experimentally 
by  several  investigators,  Taylor  et  al.  (1943*)  end  (1943b),  Bean  and  Eiohna 
(1943)*  And  Adolph  (1943)  •  The  symptoms  inolude  nausea,  vomiting,  tachycardia, 
hypotension,  vertigo,  headache,  dyspnea,  anorexia,  incoordination,  and  collape? 
That  theae  events  are  not  due  to  simple  dehydration  has  been  shown  in  the 
(studies  of  Taylor  et  al,  (1943*)*  end  Bean  and  Bichna  (1943)*  whose  subjects 
were  allowed  water  ad  lib,  throughout  the  experiments.  The  diversity  of  sy®| 
toms  suggests  that  when  heat  tolerance  is  exoeeded,  the  physiological  me c hard 
which  will  be  vitally  affected  vary  to  some  extent  with  the  individual.  The r- 
ie,  however,  much  inferential  evidenoe  that  oirculatory  failure  is  at  the  h 
of  most  of  the  symptoms j  that  the  essential  feature  is  derangement  of  general 
circulation  because  of  the  demands  made  upon  peripheral  circulation  by  th© 
heat  loss  mechanism. 

In  six  of  the  Main  Series  tests  subjects  were  forced  to  leave  the 
hot  room  before  the  end  of  the  scheduled  hour.  These  tests  were  all  awde  i,., 
environments  at  or  above  line  6  (Figure  1).  None  of  the  four  subjects,  who** 
it  should  be  recalled  had  been  given  a  four- day  acclimatisation  prior  to  tho 
series,  displayed  typioal  symptoms  of  heat  exhaustion.  The  most  com on 
occurrences  in  addition  to  the  measured  physiological  responses  were  mod®  rat.: 
dyspnea  and  markedly  flushed  skin*  The  most  notable  subjective  experiences, 
were  a  sense  of  suffocation  and  weakness,  and  a  deep-seated  feeling  of  impair¬ 
ing  orisis.  Tinder  these  conditions,  though  actual  physiological  collapse 
might  not  ooour,  preoccupation  with  the  acute  discomfort  would  gc  far  to 
reduce  th*  efficiency  with  which  duties?  iaoident  to  pi  loti!  or  t&irpl.am* 
would  be  oarried  out. 
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With  the  except  ion  of  two  isien,  whose  symptoms  will  be  described  In 
the  next  section,  the  subject*  In  tfcss  and  JO-minute  oheok  series  completed 
their  exposure  periods  without  either  c lea rout  signs  of  heat  exhaustion  or 
feelings  of  intolerable  discomfort.  It  is  highly  probable  that  the  sitting 
position  onables  the  withstanding  of  sore  extreme  exposures  without  develop* 
merit  of  heat  exhaustion  than  activities  in  the  orthostatio  position,  beoause 
of  Issssr  strain  upon  ths  oardiovasoular  system. 

B.  TWO  CASKS  OF  HSAT  EXHAUSTION. 

Among  laboratory  personnel  who  volunteered  for  terete,  two  enlisted 
men.  Pvt.  TA  aged  Jg,  and  Sgt.  RC  aged  J6,  wore  feroed  to  leave  the  hot  room 
before  the  end  of  one  hour's  exposure  beoause  of  symptoms  of  heat  exhaustion. 
In  both  oases  the  tests  wore  repeated  with  similar  results.  Ths  exposure 
environments  wore  approximately  cm  lino  3*  Physiological  data  for  the  two 
tests  on  both  subjects  are  plotted  in  Figure  8,  together  with  the  ecsiparable 
average  curves  of  the  group  in  the  60-minute  oheok  series.  It  is  first  noted 
that  the  heart  rate  of  RC  is  not  remarkable,  but  that  for  TA,  it  aocelerated 
much  mors  rapidly  than  the  average.  Skin  temperatures  wore  not  atypical, 
with  the  possible  exception  of  the  first  test  on  TA.  Reotal  temperature 
rises  wore  comparable  with  the  group  average.  Sweat  losses,  based  on  only 
one  determination  for  eaoh  subjoot,  are  within  the  range  for  the  60-minute 
group.  Summarising  the  evidence,  it  cannot  be  said  that  subject  RC  displays 
any  abnormality  in  the  functions  measured.  TA,  while  not  abnormal  in  body 
temperatures  and  sweat  loss,  displayed  a  olearout  tendency  to  develop  a 
rapid  heart  rate  in  the  heat,  reaching  or  exceeding  ll^O  beats  per  minute,  a 
value  which  is  usually  close  to  the  limits  of  tolerance  for  sitting  subjects 
in  the  present  investigation. 

The  aubjeotive  symptoms  were  likewise  different  in  the  two  subj* 

TA  reported  faintness,  seotomata,  breathlessness  and  tingling  in  the  har^ 
but  did  not  appear  in  imminent  danger  of  collapse  before  being  removed  fv 
the  hot  room.  RC  became  weak,  pale,  and  slightly  nauseated,  but  sine©  H- 
not  displayed  on  abnormal  pulse  trend,  he  was  put  in  a  prone  kneeling  par: 
tlon  in  the  hope  that  he  would  revive  while  still  in  ths  hot  room.  Them 
efforts  were  of  little  avail  sinoe  on  reassuming  sitting  position  he  ag^‘ 
became  faint.  After  leaving  the  hot  room  he  was  put  down  in  bed  and  ^  ; 

by  a  medieal  officer.  Recovery  was  rapid  end  uneventful,  and  the  man  rewj--.tr 
his  laboratory,  duties  within  a  half  hour.  It  is  elear  that  these  men 
constitutional  or  fitness  divergencies  which  set  them  apart  from  ths  group. 

C.  SELECTION  OF  RECOMMENDED  TOLERANCE  LIMITS. 

The  results  of  the  60-  and  30-minuts  check  series  (Appendix  It) 
showed  that  the  selected  environments  (lines  1+  and  5)  were  not  too  extreme 
for  all  subjects,  but  two.  Furthermesr®  the  physiological  responses  for 

these  groups  are  within  tolerable  limits  when  oomp&red  with  these  in  the 
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Main  Series.  The  development  of  he  a  t  exhaustion  in  two  men,  however,  urges 
caution  in  the  selection  of  tolerance  limits.  Consequently,  these  environ¬ 
ments  must  be  listed  as  marginal  and  the  next  lower  line a,  3  and  U,  selected 
as  tolerable*  It  should  be  noted  that  subjects  i'A  and  KC  tolerated  the 
environment  of  line  h  for  30  minutes,  and  could  oar taiuly  tolerate  line  3  for 
60  minutes.  Hence,  the  physiological  classification  as  given  in  C.  Conclusions, 
has  been  proposed  as  a  basis  for  re cosaiondntion » 

D.  LIMITS  OF  HUMIDITY  IN  AIRCRAFT . 


The  tolerance  limits  defined  in  Figure  1  extend  into  ranges  of 
humidity  and  vapor  pressure  which. may  not  be  expected  to  occur  in  aircraft. 
Air  caught  in  the  ventilating  scoop  will  be  heated  adiabatioally  without 
change  in  absolute  humidity  or  vapor  pressures.  This  narrows  the  range 
of  possible  humidities  at  high  temperature*  It  is  therefore  only  neoessary 
to  determine  the  maximum  vapor  pressure  to  be  expected  in  the  atmosphere  and 
give  consideration  to  only  those  portions  of  the  tolerance  lines  defined  by 
this  limiting  vapor  pressure. 


Considerable  study  of  the  atmospheric  vapor  pressures  in  the  various 
climates  has  shown  that  maximal  values  occur  only  in  hot  humid  areas,  the 
moat  extreme  of  which  have  been  reported  in  India,  Buraia,  and  In do-Chln a  *» 
Judged  by  average  monthly  temperature  and  humidity  readings  in  these  regi'«»®«, 
tiie  vapor  pressure  does  not  exceed  «:'>  atm.  He*  However,  it  is  possible  tis»  >■ 
on  same  days  this  value  might  be  exceeded,  but  it  la  doubtful  tliat  an  ab«hs  •••fu 
maximum  would  be  higher  than  '$0  saa«  Hg. 

Using  this  value  as  a  limit,  the  tolerance  limits  may  b®  expr**“-  • 
as  temperatures  at  30  Hg  or  vapor  pressure  in  order  to  simplify  and 
reduce  to  one  variable  the  recommendations.  These  limits,  given  in  C*  {?}■■, 
it  should  be  noted,  are  ©oneervativs,  and  at  lower  vapor  pressures,  high?  < 
temperatures  oan  be  tolerated,  as  defined  by  the  tolerance  lines. 


•  This  information  has  kindly  been  supplied  In  a  ©orauanioatlo®  from  Major 
TSeldan  F*  Heald,  Offioe  of  the  Quartermaster  Gone  mi*  ip  i.*kea  clear  that 
the  studies  on  which  the  aonclusi  ©as  are  baaed  not  y@  e  completed,  but 
all  present  information  indicates  the  atatod  s**xisam  vapor  pressure 

are  oorreot. 
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TA??Lfc  I 

SUBJECTS 

Vast 

M 

H 

►tJ 

• 

0 

• 

Age 

Ht. 

wt. 

Surfaoe 

Area 

Main  Series i 

Cutter 

— 

29 

73 

202 

2.16 

Joffe 

— 

30 

68 

II46 

1.79 

Karpa 

— 

28 

70 

176 

1.9B 

Taylor 

— 

35 

71 

Igg 

2.06 

Cheek  Tests i 

60  Min*  Series 

Spratt 

1 

31 

68 

lit 2 

1.76 

Rodbard 

2 

29 

63 

161 

1.8U 

Allen 

3 

35 

72 

197 

2.10 

Piaseoki 

k 

35 

70 

165 

1.91 

Hall 

5-9 

35 

63 

153 

1.82 

Taylor 

6 

35 

71 

189 

2.05 

Jaokson 

7 

35 

69 

li+5 

1.79 

Marbarger 

8 

28 

7i+ 

206 

2.21 

Sadlowski 

10 

23 

71 

13k 

2.02 

Hart sough 

11 

21 

67 

130 

1.68 

Rad sin ski 

12 

20 

73 

155 

1.92 

Casbarro 

13 

25 

67 

153 

1.69 

Cheok  Tests* 

30  Min .  Series 

Copeland 

1 

30 

71 

16? 

1.91 

Tokaji 

2 

29 

68 

uuu 

1.77 

SsAth 

3 

25 

70 

132 

1.73 

Sohaoter 

k 

23 

67 

135 

1.69 

Brookins 

5 

20 

71 

222 

2.20 

Lee 

6 

23 

63 

115 

1.60 

Shively 

7 

21 

6k 

168 

1.6a 

Cutter 

g 

29 

73 

203 

2.16 

Patt 

9 

29 

66 

11+5 

1»7’> 
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TABLE  II 

ENVIRONMENTAL  DATAi  MAIN  SERIES 


Exp. 

M» 

Dry 

Bulb 

Wet 

Bulb 

Re  la  ti  Ye 

Husd&ity 

Yftpor 

Pressure 

V 

1 

158 

93 

7 

16 

3 

2 

149 

95 

14 

27 

3 

3 

140 

gg 

12 

18 

4 

i+ 

131 

io4 

40 

45 

3 

5 

125 

94 

31 

31 

4 

6 

124 

84 

21 

20 

2 

7 

115 

92 

4o 

30 

2 

g 

113 

96 

57 

46 

3 

9 

ill 

84 

31 

21 

2 

10 

110 

92 

51 

32 

4 

11 

log 

105 

gg 

54 

3 

12 

106 

102 

gg 

51 

4 

13 

106 

100 

gi 

47 

5 

14 

100 

gg 

62 

31 

2 

15 

96 

92 

g6 

39 

4 

16 

92 

72 

34 

13 

4 
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TABLE  III 

PHYS I OLOG I CAL  DATA  t  MAIN  SERIES 


Exp. 

No. 

Heart 

Rate 

Skin 

Temp. 

Rectal 

Temp. 

YlT 

Water 

Loss 

Evap 

Loss 

1 

H+7 

101 .7 

100.1 

1.20 

562 

369 

2 

129 

101.4 

100.6 

1.00 

627 

386 

3 

107 

98.7 

98.9 

-  .55 

511 

280 

4 

156 

101.6 

100.4 

1.09 

664 

295 

5 

119 

101.2 

99.8 

.97 

604 

340 

6 

125 

98.1 

99.3 

-  .15 

547 

588 

7 

104 

98.6 

99.1 

-  .5k 

506 

232 

8 

127 

101.2 

100.6 

.93 

517 

272 

9 

106 

97.2 

99.2 

-  .70 

307 

228 

10 

98 

97.6 

98.9 

-  .90 

425 

168 

11 

156 

101.5 

100.6 

1.15 

692 

236 

12 

131 

100.6 

99.8 

.59 

626 

254 

13 

128 

101.0 

100.5 

.88 

618 

162 

11+ 

92 

97.5 

98.7 

-  1.11 

248 

71 

15 

91 

98.5 

98.2 

-  1.15 

156 

76 

16 

82 

95.6 

98.0 

-  1.60 

108 

105 

■"9 


21 
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TABLE  IV 

STATISTICAL  SUMMARY :  MAIN  SERIFS 


Mean 

Std.  Dev. 

Range 

Phyaiologioal  Variables j 

Heart  Rate 

116.0 

17.8 

62-  li+7 

Skin  Temperature 

99.5 

1.91 

95.6-  101.7 

Rectal  Temperature 

99.5 

0.65 

96.0-  100.6 

Environmental  Variable at 

(y)  Dry  Bulb  Temperature 

117.7 

16.2 

92-  156 

(a)  Vapor  Pressure  of  Air 

32.5 

12.6 

13-  bh 

Physiological  Level 1  (x) 

0.07 

0.97 

(-1.6)-  (1.2) 

Correlations t 

Zero  Ordert  r^  •  .62 

Partial 

1  rxy«a  * 

.97 

ry<  ‘  -•» 

ry*.x 

-.97 

-  .lit 

rxa*y 

.95 

Multi  plot  ^(ya)  *  »94 

Regression  Coeffioienta* 

B  •  .66 

xy.* 

.0U7 

®xa.y  “  *75 

b  * 

xt.y 

.057 

L  »  -7«31  ♦  .01*7  (dry  bulb)  +  .057  ('vapor  preaaure)  t  .33 
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Figure  3 


MAIN  SERIES;  WET  BULB 


(beats/min. ) 


V 


A.  * 


Eng.  Div.  Memo.  Report  No.  TSEAL-3-695-I49A 
2S  February  1945  «i  II  I  I  I  |  I  | 

12  34  5  67  S  9 

600  b  •  WEIGHT  LOSS. 


I  I  I  I  I 

10  11  12  13  l4 


MEAN 


•HEART  RATE. 


MEAN 


101.0 


100.0 


SUN  TEMPERATURE. 


KEAN 


99.0  - . ~ 


101.0  }- 


100. G  -  * 


RECTAL  TEMPERATURE. 


•*—  — .  *  -  «- — 


EQUATED  MEAN. 


^  0  - 

x 


-1.0 


INDEX  "X 


£  & 


MEAN 


TT  AT 


FIGURE  4,  CHECK  TESTS j  60  MINUTE  SERIES. 
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SCSI.  SYMBOL 

L 

TIME 

HA  • — •  1st  test 

t.6 

JK^rain, 

. — •  2nd  test 

♦.6 

30min, 

RC  0 — 0  1st  test 

+.3 

40min 

0- — 0  2nd  test 

t.U 

Ujmin 

flG-UHS  6:  RESPONSES  OF  SUBJECTS  TA,  AND  RC  IN  HEAT  EXHAUSTION* 
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